Objective: The aim of this study is to obtain distinct dietary patterns using principal components analysis (PCA) in men taking part in the Avon Longitudinal Study of Parents and Children and to determine the associations with (a) the patterns derived in the study women (the men's partners), (b) socio-demographic and lifestyle factors and (c) estimated nutrient intakes. Design and methods: A total of 4681 men taking part in a population-based cohort study recorded their current frequency of food consumption through questionnaire. Dietary patterns were identified using PCA, and scores were calculated for each pattern. A wide variety of social and demographic characteristics and lifestyle factors were also collected through self-completion questionnaire. Results: Four dietary patterns were established: 'health conscious', 'traditional', 'processed/confectionery' and 'semivegetarian'. There were relatively strong correlations and levels of agreement between the 'health conscious' and 'vegetarian' style patterns in men and women (Po0.001). Strong associations were evident between several socio-demographic variables and the dietary patterns, similar to those earlier reported in women. Finally, nutrient intakes were plausibly associated with dietary pattern scores. Conclusions: Distinct dietary patterns in men have been identified using PCA that are similar, but not identical to those obtained in their partners at the same time point. Researchers should always consider stratifying by gender when examining dietary patterns. This study will form the basis for further work investigating the associations between parental and child dietary patterns.
Introduction
The use of multivariate methods of obtaining dietary patterns to characterize diet has gathered momentum over recent years with principal components anlaysis (PCA) being the most commonly used method of sumarizing the diet (Northstone, 2008) . The use of PCA provides a potential means of overcoming the inherent problems of assessing individual foods and nutrients by taking advantage of the inter-correlations between these dietary variables to reduce a complex dataset.
A number of studies have been performed in adults in the United Kingdom. A handful of these have examined women only (Crozier et al., 2006; Teucher et al., 2007; , whereas others have combined both men and women to obtain overall patterns and then proceeded to examine differences in dietary pattern scores by gender (Barker et al., 1990; Gregory et al., 1990; Wichelow and Prevost, 1996) . Men and women have been treated separately when dietary patterns were calculated in the 1946 birth cohort (McNaughton et al., 2005; Mishra et al., 2006) ; however, no other studies in the United Kingdom have specifically examined the dietary patterns of a population of men in partnerships. In addition, there is little known about the relationship between dietary patterns in men and women in partnerships. We would anticipate reasonable correlations between the dietary patterns obtained separately from men and women within households, any differences that exist would be of interest as a possible target for intervention.
We have earlier presented dietary patterns obtained from women and children in the Avon Longitudinal Study of Parents and Children (ALSPAC), showing clear sociodemographic associations (North et al., 2000; Northstone et al., 2005; . The aims of this study are fourfold: (1) to identify dietary patterns in the male partners of the women taking part in ALSPAC; (2) to explore the relationship with the dietary patterns we have reported from the women observed at the same time ; (3) to determine the differences in these dietary patterns according to various social, demograhic and lifestyle characteristics and (4) to examine the associations between dietary patterns and nutrient intakes.
Materials and methods
ALSPAC is an ongoing population-based study designed to investigate the environmental, genetic and other effects on the health and well being of children (Golding et al., 2001) . Pregnant women living in the former Avon Health Authority in South West England with an expected date of delivery between 1 April 1991 and 31 December 1992 were eligible to enrol resulting in a cohort of 14 541 pregnancies. Partners of the women were invited to partake in the study by the women; they were not contacted directly by the study team. The primary source of data collection for both the woman and her partner was through self-completion questionnaire. Ethical approval for the study was obtained from the ALSPAC ethics committee and the local health care trust ethics committees. More detailed information on ALSPAC is available on the website: http://www.alspac.bris.ac.uk.
When the study child was 47 months (approximately 4 years) of age, a questionnaire was sent to the woman and a separate one for her to pass on to her partner, which contained a set of questions enquiring about the frequency of consumption of a wide variety of foods and drinks. This food frequency questionnaire (FFQ) had been modified slightly from a version used in pregnancy. Earlier analysis of the pregnancy food frequency data (Rogers et al., 1998) showed this questionnaire to produce mean nutrient intakes similar to those obtained for women in the British National Diet and Nutritional survey for adults (Gregory et al., 1990) . In addition, the questionnaire to the partners asked whether the person completing it was the natural father of the child. All analysis is restricted to those with a positive response to this question-we chose this restriction primarily to ensure that any possible female partners were excluded (women were asked to pass questionnaires to their current partner regardless of their gender).
The participants were asked to indicate how often they were currently consuming each food type using the following options: (i) never or rarely, (ii) once in 2 weeks, (iii) 1-3 times a week, (iv) 4-7 times a week and (v) more than once a day. The number of cups of tea or coffee and slices of bread consumed per day was also recorded, together with the type of bread usually consumed. This data was numerically transformed into times per week as follows: (i) 0, (ii) 0.5, (iii) 2, (iv) 5.5 and (v) 10. As some variables were measured on a different scale, all data were standardized by subtracting the mean and dividing by the s.d. for each variable. A total of 52 different food groups were included in the analyses.
A wide variety of social, demographic and lifestyle factors were investigated to determine which were associated with the men's dietary patterns. The majority of these were collected at the same time as the dietary data; these included age at and season of completion, current alcohol consumption, marital status, family income and whether the man was vegetarian or currently on a weight-loss diet. Education level and ethnicity were determined during the pregnancy for the study child, whereas smoking and activity levels compared with peers were not available concurrently to diet and so the earlier time point was used (33 months). To maximize the data available, missing values for employment and smoking were imputed from the questions completed by the women in the study about their partner at the same time point. Please see Table 4 for the categories used for these variables.
Statistical methods
The dietary patterns of men were obtained using PCA with varimax rotation (Gorsuch, 1974; Kline, 1994) and the method used was identical to that used on the pregnancy diet, which has been described in detail elsewhere . In addition, the dietary patterns obtained from the women at the same time have been reported elsewhere . Briefly, the number of components best representing the data were chosen based on the interpretability of the factor loadings together with the scree plot (Cattell, 1966) . Men were excluded from the PCA if 410 dietary items had missing data (n ¼ 50), For those with 10 or less items missing, it was assumed that the missing items were not consumed and were given the value of 0. Component scores were calculated by multiplying the factors loadings for each component by the corresponding standardized value for each food and summing across the food items. Items with loadings above 0.3 on a component were considered to be the most informative in describing the patterns. The extracted patterns were given labels according to these high loadings and in line with those we have earlier published in the ALSPAC cohort.
All component scores for both men and women were normally distributed. Pearson's correlation coefficients were calculated to measure the associations between the dietary patterns obtained for men and women. Correlation coefficients only assess linear relationships and very often-dietary pattern scores are split into quintiles for analytical purposes. Therefore, all component scores were split into quintiles and weighted kappas were calculated to assess the agreement between scores on the dietary patterns obtained for men and women in partnerships. Weighted kappa was chosen because of the ordered nature of the categorical data, as it takes into account partial agreement between groups.
To determine any independent associations between the social, demographic and lifestyle factors and the men's dietary pattern scores, general linear models were used. All factors were entered into each model (one for each dietary pattern, with score as the outcome); adjusted parameter estimates and 95% confidence intervals are presented.
Finally, Pearson's correlation coefficients were calculated between the dietary pattern scores and absolute nutrient intake and partial correlation coefficients were obtained, adjusting for energy intake. The proportions of variance explained by the dietary pattern scores were calculated for absolute and energy-adjusted nutrient intake and for individual foods by summing the squared correlations for each nutrient (Bland, 2000) . Energy adjustment was performed using the residual method (Willett, 1989) . All analyses were performed using SPSS v15.0 and STATA v.10.
Results
A total of 5101 questionnaires were returned. Of these, 327 did not report themselves as the child's natural father (or did not complete the question); 43 did not complete any of the food frequency questions and a further 50 had 10 or more items missing, leaving 4681 men for whom dietary patterns were investigated. For comparisons with the women's dietary patterns, there were 4668 pairs.
Four components were identified, which best described the dietary patterns of the participants. A total of 25.9% of the variability was explained by these components (Table 1) . The factor loadings obtained are shown in Table 1 . We have also presented the loadings obtained from the women at the same time to aid comparison in this table, although it should be noted that the women's sample was larger (n ¼ 9847). In the men, the first component had high positive loadings for salad, fruit, pasta, rice, water, fruit juice and non-white bread and high negative loadings for white bread, meat pies, sausages/ burgers, chips and roast potatoes. This dietary pattern was labelled 'health conscious' and was similar to the pattern extracted first in the women. The second component had high loadings for all types of vegetables, potatoes, red meat and poultry and was, therefore, labelled 'traditional' as it represents the traditional British 'meat and two veg' diet. This component was not extracted in the women at this time and foods that described this pattern in the men loaded highly on the 'health conscious' pattern in the women. The third component was described by high loadings for processed and high fat foods such as sausages/burgers, coated poultry products, pizza, chips and crisps. There were also high loadings for high sugar products such as biscuits, sweets, chocolates, puddings, fizzy drinks and squash. This pattern was, therefore, labelled 'processed/confectionery' and seems to be a combination of the 'processed' and 'confectionery' patterns obtained from the women at the same time point. The final pattern obtained from the men was characterized by high intakes of meat substitutes, pulses, nuts and fish. Unlike the comparable pattern obtained from the women, the loadings for poultry and cold meats were not highly negative, and we have, therefore, given it the label of 'semi-vegetarian'.
The correlations between the dietary pattern scores obtained from the men and women are shown in Table 2 . It can be seen that the strongest correlations were between the 'health conscious' patterns and 'vegetarian' style patterns. A strong inverse correlation was evident between the men's 'health conscious' and the women's 'processed' pattern. Similar relationships were seen with weighted kappa in Table 3 , with reasonable levels of agreement evident between the 'health conscious' and 'vegetarian' style patterns.
The results from the multivariable analyses of population characteristics with the dietary pattern scores in the men are presented in Table 4 . Lower mean 'health conscious' pattern scores were seen with decreasing education levels, those who smoked, those who were divorced or separated, those who did not work and those with lower family incomes (all Po0.0001). Age showed a positive relationship with the 'health conscious' pattern score (Po0.0001). Men who reported themselves as vegetarian also had higher scores on this pattern (Po0.0001). The factors explaining the greatest proportion of variability in the 'health conscious' was education and smoking (4.3 and 4.2%, respectively) followed by age (2.2%) and income (2.0%).
The 'traditional' pattern was inversely associated with the men's report of being vegetarian (Po0.0001) and being nonwhite (P ¼ 0.052). Men who completed the FFQ in the winter months had the highest scores on the 'traditional' pattern (Po0.0001). Being vegetarian explained the greatest proportion of variance in this pattern (2.8%).
Seven factors were independently associated with the 'processed' pattern. Being vegetarian and non-white were both inversely associated with scores on this pattern (both Po0.0001), whereas currently being on a weight-loss diet was positively associated with this pattern (Po0.0001). Age showed a negative linear relationship with increasing scores on the 'processed' pattern (Po0.0001). Any alcohol intake was positively associated with the 'processed' pattern (Po0.0001). Finally, marital status was associated with scores on the 'processed' pattern such that unmarried men or those who were divorced or separated scored lower compared with those who were married (Po0.0001). Maternal age and alcohol consumption explained the greatest amount of variance in the 'processed' score explaining 2.4 and 2.1%, respectively.
The 'semi-vegetarian' pattern was highly associated with self-report of being vegetarian (Po0.0001); indeed, this factor explained 12.4% of the variance in the pattern. 
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Other factors independently and positively associated with the 'semi-vegetarian' pattern included being non-white (Po0.0001), smoking 1-9 cigarettes a day (P ¼ 0.002), increased activity (Po0.0001), being unmarried (Po0.0001) and decreasing family income (Po0.0001). Finally, any alcohol intake was inversely associated with the 'semivegetarian' pattern. Table 5 shows the correlations between the dietary patterns and nutrient intakes estimated from the FFQ, both with and without adjustment for energy intake. The 'health conscious' pattern showed relatively low correlations with most macronutrient intakes, which did not change significantly after energy adjustment. Correlations with micronutrients were generally high and increased after adjustment for energy (Po0.001). The 'traditional' pattern showed high correlations with macronutrients; after adjusting for energy, most of these were attenuated with the exception of protein intake, which remained high. This pattern was also highly correlated with many of the micronutrients investigated; however, energy adjustment tended to reduce these. The 'processed/confectionery' pattern showed the highest correlation with energy intake and with most of the nutrients. When adjusting for energy, all correlations were greatly reduced. The 'semi-vegetarian' pattern showed moderate correlations with all nutrients, which were attenuated by energy adjustment; however, positive correlations with fibre and some micronutrients remained.
Finally, there were few associations evident with nutrient intakes and the 'semi-vegetarian' pattern.
A substantial proportion of the variation in absolute intake was explained by the dietary patterns for the majority of nutrients (Table 5 ). However, this was greatly reduced after energy adjustment. Over half the variation was explained by the dietary patterns for total fat, magnesium, folate and carotene.
Discussion
Four distinct dietary patterns have been identified in this sample of male partners of the women partaking in ALSPAC. There were some differences compared with the patterns obtained in the women in this population; however, we found high correlations between the patterns of a similar type in male and female partners. To our knowledge, this is the first study reporting such associations. The dietary patterns identified were related to nutrient intakes in these men and explained a substantial amount of the variation in some nutrients even after energy adjustment.
One of the biggest differences between the dietary patterns obtained from the men and women was that the men did not have separate 'processed' and 'confectionery' patterns as the women did. All the foods that loaded highly and, therefore, defining these two patterns in the women loaded highly on only one pattern in the men. In addition, the 'traditional' pattern was evident in the men, but not in the women. Other more subtle differences existed between the men and women: for the 'health conscious' pattern described in the men had more high negative loadings (oÀ0.3) compared with that obtained for the women; in addition, there were no high positive loadings on vegetables in the men's pattern; high positive loadings for vegetables were apparent in the 'traditional' pattern in the men, but this pattern was not extracted in the women. Finally, for the 'semi-vegetarian' pattern obtained in men, there were no negative loading for meats and the loadings for fish were positive (and hence the label), unlike the 'vegetarian' pattern in the women. In this sample of men, 25.9% of the variance was explained by the extracted patterns. This is almost identical to the 25.1% of variance explained in the women at the same time point, but is slightly smaller than that explained by the pregnancy diet in the women (31.3%, . However, the amount of variance explained in the men is comparable with other adult studies in the United Kingdom that obtained dietary patterns using FFQs (Barker et al., 1990; Gregory et al., 1990; Crozier et al., 2006) .
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We have shown that the dietary patterns identified in this study are able to explain an appreciable amount of the variation in many important nutrients even after energy adjustment. This includes 50% of total fat intake and 48% of fibre intake; increased intake of both total fat and fibre has been implicated as a risk factor for the development of cancer (WCRF, 2007) . Important micronutrient intakes (Chakraborti et al., 2002; Voutilainen et al., 2006; WCRF, 2007; Sanchez-Moureno et al., 2009 ). The associations with nutrient intake are similar to the results we reported in the women's study . Some socio-demographic and lifestyle factors were related to the types of dietary patterns we have described. As expected, being a vegetarian was highly associated with the 'semi-vegetarian' pattern. It is notable that this pattern had positive loadings for fish and some meat products, whereas in the women fish had a small loading and all meat products loaded negatively on the 'vegetarian' pattern. The 'health conscious' pattern showed a positive relationship with education level and income and also with other healthy lifestyle choices such as not smoking and being more active. Interestingly, higher scores on the 'processed/confectionery' pattern were achieved by men in the youngest age group, those consuming increasing levels of alcohol and those who reported themselves as currently being on a weight-loss diet. As this pattern was more highly correlated with energy intake than the other patterns, high scores on this pattern may lead to men experiencing greater difficulty in maintaining a healthy weight.
The patterns in the men and women have sufficient similarities to be named in a similar way, but the subtle differences emphasize the fact that patterns obtained in sub-samples of the same population or from different populations that are given the same labels may not necessarily be the same in terms of the foods that represent them. Of the other UK dietary patterns studies in adults examining both genders only one performed separate PCAs in men and women (Mishra et al., 2006) . Other UK studies of dietary patterns in adults have reported differences between men and women in the scores from the patterns they obtained (Barker et al., 1990; Gregory et al., 1990; Wichelow and Prevost, 1996) . In European studies, researchers who did not separate men and women in the PCA reported significant differences in dietary pattern scores according to gender (Costacou et al., 2003; Sanchez-Villegas et al., 2003) , whereas others have found no real difference in the patterns obtained for men and women and so entered them together into the PCA (Lau et al., 2007; Kesse-Guyot et al., 2008) . Similarly, beyond Europe, studies have reported differences in the dietary patterns obtained between men and women, including in Australia (Mishra et al., 2002) and in a sample of Korean Americans (Yang et al., 2005) . Other non-European studies, who did not extract patterns separately, reported differences by gender, including studies in Canada (Beaudry et al., 1998) and the United States (Newby et al., 2004) .
These differing results show that gender is not necessarily important in explaining individual variations in the diet in some cultures. However, in the United Kingdom we would recommend that researchers consider performing PCA separately in men and women. This would be of particular importance when examining the effects of dietary patterns on any health outcomes and also for targeting public health advice regarding nutrition.
Despite the differences found between the patterns obtained from men and women, described above, there were reasonable levels of correlation and agreement between similar patterns, in particular the 'health conscious' and 'vegetarian' style patterns. To our knowledge, this is the first study reporting the associations between dietary patterns in male and female partners.
A potential limitation of this study is that dietary intake was assessed using self-completion FFQs, rather than weighed dietary records. However, studies comparing the results of PCA using FFQs and weighed dietary records (Hu et al., 1990) have found the resulting patterns to be comparable. In addition, men taking part in this study were, by design, invited to partake by their partners. It is possible that men living on their own may have different diets to those who are cohabiting with their partners and children. It should, therefore, be noted that the patterns we report here may not be generalizable to men without partners or those who live on their own.
We have also examined the patterns in the children of these men and women at various ages and have reported that these are consistent in terms of the foods that loaded highly and how they were labelled (North et al., 2000; Northstone et al., 2005; . We are currently examining the associations between maternal and paternal dietary patterns at 47 months and the patterns of their children at 54 months of age to determine the relative importance of parental influence on child dietary patterns.
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